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ABSTRACT 



Bridged metaUocene compounds are produced by a process 
of promising commercial utiUty for plant- sized operations. 
The overaU process involves the direct conversion of ben- 
zoindanones to benzoindanols which, without isolation, are 
converted to benzoindenes. Thereupon the benzoindenes are 
bridged by deprotonating the benzoindenes with a strong 
base such as butyUithium and reacting the resultant depro- 
tonated product with a suitable silicon-, germanium- or 
tin-containing bridging reactant such as dichlorodimethyl- 
sUane. The resultant bridged product is deprotonated with a 
strong base such as butyUithium and reacted with a suitable 
Group IV, V, or VI metal-containing reactant such as ZrC^ 
to provide a siUcon-, germanium- or tin-bridged Group IV, 
V, or VI metal complex, such as a dihydrocarbylsUyl- 
bridged zirconocene complex. The initial benzoindenones 
used in such sequence can be formed readUy and in high 
yield by reaction of a 2-haloacyl haUde with naphthalenes 
unsubstituted in at least the 1- and 2-positions. 

41 Claims, No Drawings 
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1 2 

PRODUCTION OF BRIDGED 4,5-benzoindan-l-ols or one or more 4,5-benzoindan-3-ols, 

METALLOCENE COMPLEXES AND or a mixture of one or more 4,5-benzoindan- 1-ols and one or 

INTERMEDIATES THEREFOR more 4,5-benzoindan-3-ols. Thus unless expressly stated 

otherwise, the term4,5-benzoindanol as used herein refers to 

TECHNICAL FIELD 5 at least one 4,5-benzoindan-l-ol or at least one 4,5- 

_ . . . , . ^ benzoindan-3-ol, or a mixture of at least one 4,5- 

This invention relates to a new, efficaaous process for benzoindan-l-ol and at least one 4,5-benzoindan-3-oL 

producing bndged metallocene complexes, such as for . ^ . . ^. , . . 

example dihydrocarbylsilyl-bridged zirconocene ^^.^^ embodiments this invention provides a 

complexes, and for producing key inteimediates used in the ^ 4,5-benzoindanol which comprises 

overaU synthesis process. '° ^^S^^^ ^^^^ ^^^^ followmg: (a) a 

4,5-benzoindanone, (b) an alkali or alkaline earth metal 

BACKGROUND borohydride or alkali or alkaline earth metal aluminum 

hydride, and (c) a hydroxyl-containing compound capable of 

The synthesis of certain dihydrocarbylsilyl-bridged zir- interacting with (b) to serve as a hydrogen source, such that 

conocene complexes and their use as polymerization catalyst 15 a 4,5-benzoindanol is formed. Such borohydride or alumi- 

con^onents have been reported heretofore. See for example num hydride reductions of the carbonyl group can be 

U. Stehling et al., Organometallics 1994, 13, 964-970. conducted with high selectivity and in good yields. The 

Rohrmann et al. U.S. Pat. No. 5,455,366 issued Oct 3, 1995, operation is preferably conducted in a liquid ether reaction 

describes multistep processes for producing a variety of medium such as tetrahydrofuran and alkyltetrahydrofurans. 

metallocenes having benzo-fused indenyl derivatives as 20 'fhe preferred 4,5-benzoindanones for use in the process 

ligands. These materials are also shown to have utility in the are 4,5-benzoindan- 1 -ones or mixtures of a major molar 

formulation of polymerization catalysts. proportion of one or more 4,5-benzoindan- 1 -ones and a 

While workable, these prior processes are deemed best minor molar proportion of one or more 4,5-benzoindan-3- 

suited for laboratory-scale operations. Thus a need exists for ones, such as for example a mixture of about 90 mol % of 

a simplified process which can be used to make desired a 4,5-benzoindan-l-one and about 10 mol % of a 4,5- 

bridged metallocenes, such as dihydrocarbylsilyl-bridged benzoindan-3-one. 

zirconocene complexes, in acceptable yields in large scale Sodium borohydride is the preferred reducing agent, but 

production facilities. use can be made of other compounds such as sodium 

aluminum tetrahydride, sodium aluminum hexahydride, and 

THE INVENTION fjjgjj- lithium or potassium analogs. GeneraDy speaking, the 

This invention provides a new process for producing alkaH metal derivatives are preferred over the alkaline earth 

bridged metaUocene confounds— such as are described in compounds, and as compared to the hexahydrides, the 

the foregoing Rohrmann et al. patent— which is both efiB- tetrahydrides are the more preferred reagents, especiaUy the 

cadous and of promising commercial utility in plant-sized 35 borohydrides. Such more preferred reagents may thus be 

operations. depicted by the formula AMH^(OR)^ wherein A is an alkali 

IT 1-1 ♦u r» u * 1 A *u £ metal, M is boron or aluminuiru R is hydrocarbyl, x is an 

Unlike the Rohrmann et al. procedures, the processes of • ♦ • * o * j • * • *u 

.... . 1 J- * • r i_ integer in the range of 2 to 4. and y is an mteger m the range 

this mvention mvolve the direct conversion of benzoin- * a * o r j 1. • ^, . r li • 

, ^ , . J , ... ..u * • 1 *i • * of 0 to 2, the sum of x and y bemg 4. Most preferably y is 

danones to benzomdanols which, without isolation, m turn zero and M is boron ^ ^ *^ 

are converted to benzoindenes. Thereupon the benzoindenes 40 ™ , . , ' . . 

are bridged by deprotonating the benzoindenes with a strong hydroxyl-contaimng component used m the reacUon 

base such as butyllithium and reacting the resultant depro- f / ^^"^^^ .^^ hydrogen is either water or a suitable 

tonated product with a suitable siHcon-, germanium- or hydroxyorgamc compound such as an alcohol, a polyol, or 

tin-containing bridging reactant The resultant bridged prod- ^ Pj^^^J "^^^^ ^ ^^^^^ ^^^^^ "^^^^ 

uct so formed is then deprotonated with a strong base such 45 P^^^^^^* 

as butyllithium and reacted with a suitable Group IV, V, or 4,5-benzoindanones used in this reaction are illus- 

VI (formerly known as Groups IVb, Vb and Vlb) metal- *^^ted by formula (A) below which for convenience depicts 

containing reactant to provide a silicon-, germanium- or 4,5-benzoindan- 1-ones, The 4,5 -benzoindan-3 -ones 

tin-bridged Group IV, V, or VI metal complex, such as a ^^"^^ same formula except that the keto functionaUty is 

dihydrocarbylsilyl-bridged zirconocene complex. The 50 '^^ 3-position of the 5-membered ring instead of the 

invention thus provides, inter alia, a straightforward com- 1-position as shown, 
merdally feasible sequence of operations. Moreover, the 
initial benzoindenones used in the practice of such sequence 
can be formed readily and in high yield by reaction of a 

2-haloacyl halide with naphthalenes unsubstituted in at least 55 
the 1- and 2-positions. This reaction normally produces a 
mixture of two isomers, namely a 4,5-benzoindan- 1-one as 
the major isomer and a 4,5 -benzoindan-3 -one as the minor 
isomer. These isomers can, if desired, be separated from 

each other by known procedures. Thus unless expressly 60 
stated otherwise, the term 4,5-benzoindanone as used herein 

refers to at least one 4,5-benzoindan- 1-one or at least one where R^ and R^ through R^° are the same or different and 

4.5-benzoindan-3-one, or a mixture of at least one 4,5- are a hydrogen atom; a halogen atom (preferably a fluorine, 

benzoindan- 1-one and at least one 4,5-benzoindan-3-one. chlorine or bromine atom); a hydrocarbyl group containing 

Similarly depending on the isomeric makeup of the initial 65 up to about 10 carbon atoms each (e.g., a Ci to Ciq. and 

4,5-benzoindanone(s), the conversion of a 4,5- preferably a C^ to C4 alkyl group, a Cg to C^o aryl group, a 

benzoindanone to a 4,5-benzoindanol can form one or more C3 to C^o cycloalkyl group, a C2 to Cio? and preferably a C2 




(A) 
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to C4 alkenyl group, a C7 to C^o aralkyl group, etc.); a 
halohydrocarbyl group containing up to about 10 carbon 
atoms and up to about 3 halogen atoms each; an — NR^, 
-^R, — OSiRa, — SiRg, or — ^PR^ group in which R is a 
halogen atom, preferably a chlorine atom, or a hydrocarbyl 
group containing up to about 10 carbon atoms. In preferred 
embodiments R is an alkyl group, most preferably a methyl 
group, and at least four and most preferably all six of R^ 
through are hydrogen atoms. 

The 4,5-benzoindanols formed in this reaction likewise 
can exist in either of two isomeric forms derived from the 
isomeric forms of the 4,5-benzoindanone(s) used as the 
starting material. Such 4,5-benzoindanols are thus illustrated 
by formula (B) below which depicts the 4,5-benzoindan-l- 
ols. The 4,5-benzoindan-3-ols have the same formula except 
that the hydroxyl group is in the 3 -position of the 
5-membered ring instead of the 1-position as shown. 




where R^ and R^ through R^° are as described above. 

Another embodiment of this invention is the process of 
forming 4,5-benzoindene which comprises reducing a 4,5- 
benzoindanone to a 4,5-benzoindanol as described above, 
and catalytically alehydrating the 4,5-benzoindanol 
(Formula (B) above) so formed. The 4,5-benzoindenes 
formed in this reaction can be depicted by the formula: 




10 



15 



(B) 



20 



25 



30 



(C) 



35 



medium in which to conduct the dehydration step. Moreover 
on completion of the dehydration, the water formed during 
the dehydration plus residual water, if any, from the quench- 
ing step, can be readily removed by azeotropic distillation. 
While the catalytic dehydration is best carried out using an 
arylsulfonic acid catalyst, other ways of performing the 
dehydration can be used especially for laboratory scale 
operations. Such methods include use of oxalic acid as 
dehydration catalyst or reaction of the benzoindanol with 
dehydrating substances such as magnesium sulfate or 
molecular sieves. For references describing such alternative 
albeit far less desirable procedures, see Rohrmann et al. at 
Colunm 9, lines 41-43. 

In summary therefore, a preferred process sequence per 
this invention for converting a 4,5-benzoindanone to a 
4,5-benzoindene comprises: (a) a 4,5-benzoindanone is 
reduced to a 4,5-benzoindanol in an ether-containing reac- 
tion medium by use of an alkali metal borohydride and water 
or an alcohol or a mixture thereof; (b) the reduction is 
terminated by quenching the reaction mixture with a suitably 
large mount of water (or appropriate aqueous mixture); (c) 
a separation is effected between the water and organic 
constituents of the reaction mixture, by extracting the 
quenched reaction mixture with a liquid hydrocarbon having 
a higher boiling point or nigher initial boiling point than the 
ether, and, if present, the alcohol; (d) distiUing off said ether 
and, if present, the alcohol to leave a liquid hydrocarbon 
solution of the 4,5-benzoindanol; (e) catalytically dehydrat- 
ing 4,5-benzoindanol so formed to the corresponding 4,5- 
benzoindene while in liquid hydrocarbon solution, and (f) 
removing water from the dehydration reaction mixture by 
azeotropic distillation. In this embodiment it is especially 
preferred that in Formulas (A), (B) and (C) above, R^ be an 
alkyl group, most preferably a methyl group, and that at least 
four and most preferably all six of R^ through R^^ be 
hydrogen atoms. 

Another embodiment of this invention comprises convert- 
ing the 4,5-benzoindenes (Formula C above) to a silicon-, 
germanium- or tin-bridged complex of the formula: 



40 



where R^ and R^ through R^° are as described above. 45 
Formula (C) depicts an isomer having a double bond of the 
5-membered ring in the 1-position. In another isomer that 
double bond can instead be in the 2-position, and mixtures 
of these respective isomers can be formed. 

The preferred method of effecting the dehydration step 50 
involves use of an arylsulfonic acid catalyst such as 
p-toluenesulfonic acid. In conducting this reaction sequence 
the reduction of the benzoindanone (Formula (A) above) to 
the benzoindanol (Formula (B) above) is preferably termi- 
nated by quenching the reaction mixture with water or a 55 
suitable aqueous solution or mixture, and separating off the 
aqueous phase before proceeding with the catalytic dehy- 
dration reaction. By conducting the reduction step in a low 
boiling ether reaction medium such as tetrahydrofuran, the 
separations after the aqueous quench can be readily accom- 60 
pushed by extracting the quenched reaction mixture with a 
liquid hydrocarbon, preferably an aromatic hydrocarbon 
such as toluene or xylene, having a higher boUing point or 
nigher initial boiling point than the ether, and distilling at 
least the ether from the resultant extract. Use of an excess of 65 
the hydrocarbon provides, on completion of the distillation, 
a suitable predominately hydrocarbonaceous reaction 




where R^ and R^ through R^^ are as described above, is 
a silicon, germanium or tin atom (preferably a silicon atom), 
and R^^ and R^^ are the same or different and are a 
hydrocarbyl group containing up to about 18 carbon atoms 
each (e.g., a Ci to Cig* and preferably a Ci to C4 alkyl group, 
a Cfi to aryl group, a C3 to Cxs cycloalkyl group, a C2 
to C18, and preferably a to C4 alkenyl group, a C7 to C^g 
aralkyl group, etc.); or a hydrocarbyl(oxyalkylene) or 
hydrocarbylpoly(oxyalkylene) group containing up to about 



5,710,299 



100 carbon atoms (preferably where the oxyalkylene moiety 
or moieties are oxyethylene and or oxymethylethylene, and 
in the case of long chain polyoxyalkylenes, the oxyalkylene 
moieties are in random or block arrangements. Most 
preferably, mMs a silicon atom; R^^ and R are the same 
and are to C4 alkyl groups, most preferably methyl or 
ethyl groups, R^ is an alkyl group, most preferably a methyl 
group, and at least four and most preferably all six of R^ 
through R^*^ are hydrogen atoms. 

To produce the compounds of Formula (D) above, the 
benzoindenes (Formula (C) above) are deprotonated with a 
strong base such as butyllithium and reacted with a suitable 
silicon, germanium or tin reactant, which can be depicted by 
the formula R"R^^M^X2 where X is a halogen atom 
(preferably a chlorine or bromine atom) and R and R^^ 
are as described above. In a particularly preferred embodi- 
ment of this invention these operations are conveniently 
conducted in a dialkyl ether medium, typically a lower alkyl 
ether such as diethyl ether, dipropyl ether, methyl tert-butyl 
ether, ethyl tert-butyl ether, methyl tert-amyl ether, or dibu- 



10 



15 



nated intermediate so formed with a suitable Group IV, V, or 
VI metal-containing reactant, such as a Group IV, V, or VI 
metal tetrahalide. The deprotonation is typically performed 
in a ether medium such as tetrahydrofuran or lower dialkyl 
ether. The metallation reaction is preferably conducted by 
adding the ether solution of the deprotonated intermediate 
portionwise to a preformed complex or mixture of the Group 
IV, V, or VI metal-containing reactant and an ether such as 
tetrahydrofuran in a hydrocarbon solvent such as toluene or 
xylenes or the like. However other solvent systems and 
modes of addition can be used. 

Various compounds of Formula (E) are useful as compo- 
nents for catalyst systems for producing polyolefins such as 
polypropylene. 

The following examples illustrate preferred procedures 
for conducting the various individual reactions and the 
overall sequence of steps that can be employed in the 
practice of this invention. It is to be clearly understood that 
these examples are for the purposes of illustrating current 



tyl ether, most preferably diethyl ether. Unlike the situation 20 best modes for carrying out the operations. They are not 
where tetrahydrofuran is used in this procedure, the use of intended to limit, and should not be construed as limiting, 
a liquid dialkyl ether enables the bridged product to form a the invention to the specific procedures set forth therein, 
slurry which is easily separated from the liquid phase by 

such procedures as filtration, centrifugation or decantation. EXAMPLE 1 

If a solvent such as tetrahydrofuran is used, it is likely that 25 preparation of 2-Methyl-4,5-benzoindanone 
a oily product will be formed which is hard to handle and to 
separate cleanly without recourse to solvent exchanging and 



an excessive amount of washing. Thus use of a dialkyl ether 
such as diethyl ethyl has proven to greatly facilitate the 
separation and recovery of tiie bridged product, and accord- 30 
ingly makes this operation entirely feasible for use in large 
plant scale operations. 

In still another embodiment, the bridged compound of 
Formula (D) above is transformed into a metallocene com- 
plex of the formula: 35 



(E) 
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50 



A slurry of 577 g (4.322 mol) AlClg in 250 mL of 
methylene chloride was cooled to 5° C. To the slurry 372 g 
(1.618 mol) of 2-hromoisobutyryl bromide was added over 
0.75 hour. After stirring for 0.5 hour, a solution of 207 g 
(1.616 mol) of naphthalene in 500 mL, of methylene chlo- 
ride was added at 5° C. over 1.5 hour. During the addition 
any HCl/HBr gas evolved overhead was scrubbed with a 
caustic solution. The resulting mixture was stirred for 0.5 
hour at 5° C. and 1 hour at room temperature. The reaction 
slurry was then transferred to 2 to 3 Uters of ice/water in a 
separate flask with agitation. HCl/HBr gas formed during 
the hydrolysis was scrubbed by a caustic solution. The 
organic phase (lower layer) of the hydrolyzed mixture was 
separated and saved. The upper aqueous layer was extracted 
once with 500 mL of methylene chloride. The combined 
organic phase and extract were washed with water (2x, 500 
mL each) and the solvent was removed in vascuo to obtain 
crude product as a brown oil. The brown oil was flashed 
under 5 mm Hg vacuum and 158°-160° C. head temperature 
(or 170°-210'' C. pot temperature) to coUect 276 g (87% 
yield) of product as an orange oil. NMR analysis of the oil 
confumed it was 2-methyl-4,5-benzoindanone; GC analysis 
of the oil indicated it was 96% pure. 

EXAMPLE 2 



where M^ is a group IV, V, or VI metal atom (i.e., Ti, Zr, Hf, 
V, Nb, Ta, Cr, Mo, or W) ; X^ and X^ are the same or different 
and each is a halogen atom (preferably a chlorine atom); and 
M\ R^ and R^ ttirough R^^ are as described above. Prefer- 
ably M^ is Ti, Zr or Hf , most preferably Zr; X^ and X^ are 
chlorine atoms; M^ is a siUcon atom; R^^ and R^^ are the 
same and are Ci to C4 alkyl groups, most preferably methyl 
or ethyl groups, R^ is an alkyl group, most preferably a 
methyl group, and at least four and most preferably aU six 
of R^ through R^° are hydrogen atoms. 

Compounds of Formula (E) above are formed by depro- 
tonating a bridged compound of Formula (D) above with a 
strong base such as butyllithium and reacting the deproto- 



Preparation of 2-Methyl-4,5-benzoindanol and Conversion 
to 2-Methyl-4,5-benzoindene 

A solution of 2-methyl-4,5-benzoindanone (276 g, 1.408 

55 mol) dissolved in 570 mL of THF and 570 mL of methanol 
was cooled to 5° C, and solid NaBH4 (28 g, 0.74 mol) was 
added in portions to the solution over 45 minutes. After 
stirring for one hour at 5° C. and another hour at room 
temperature, the reaction mixture was quenched with 570 

60 mL of water and followed by 60 mL of concentrated HCl (to 
bring the pH of the mixture to 2). The alcohols (2-methyl- 
4,5-benzoindanols) formed were extracted with toluene (2x, 
500 mL each) and the combined extracts were washed with 
water (2x, 300 mL). The THF/methanol solvent in the 

65 toluene extract was distilled off under atmospheric pressure. 
When the pot temperature reached -113° C, the distillation 
was stopped and the mixture was cooled. Once the pot 
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temperature was cooled down to about 80° 0.15 g of 
p-toluenesulfonic acid monohydrate was added, and the 
mixture was heated up again for one more hour to azeotrope 
off water (25 mL theory). After the azeotropic distillation 
was completed, all the toluene solvent in the mixture was 5 
removed under vacuum, 2-Methyl-4,5-benzoindene (254 g, 
100% yield) was obtained as a brown oil. Analysis by NMR 
and GC confirmed the structure of the product and its purity 
was more than 95%. 

10 

EXAMPLES 

Preparation of Dimethylsilylbis(2-methy 1-4,5-benzoindene) 
A solution of 567 mL (1.423 mol) of BuLi solution (2.5 
M in hexanes) was added at room temperature over 1.5 hour 
to a solution of 256 g (1.422 mol) of 2.methyl-4,5- 
benzoindene in one liter of dry diethyl ether. The mixture 
was allowed to reflux (39°-43° C.) during ttie addition. After 
the addition, the mixture was heated at reflux for one hour 
and then cooled. At room temperature, 92 g (0.7132 mol) of 
dichlorodimethylsilane was added to the pot over a period of 
1.5 hours. The resulting mixture was stirred at room tem- 
perature overnight to form a slurry. Next morning 400 mL of 
ether was distiDed off from the mixture and the slurry in the 
pot was cooled to 10** C. The precipitated dimethylsilylbis 
(2-raethyl-4,5-benzoindene) and LiCi solids were filtered, 
and the cake was successively washed with ether (2x, 100 
mL each), aqueous methanol (2x, 100 mL methanol+100 mL 
water, each) and followed by acetone (2x, 50 mL each). The 
cake was dried under 5 mm Hg/50° C. to thorougihly remove 
all methanol/water to give 178 g (60 % yield) of 
dimethylsilylbis(2-methyl-4,5 -benzoindene) as tan-colored 
solids. The structure and purity of this product were con- 
fumed by NMR analysis. 

EXAMPLE 4 35 

Preparation of Dimethylsilylbis-(2-methyl-4,5- 
benzoindenyl)zirconium Dichloride 

Dimethylsilylbis(2-methyl-4,5-benzoindene) (100.27 g, 
0.241 mol) was partially dissolved in 300 mL of THF. This ^ 
slurry was cooled to 0° C. and then two equivalents of 
n-BuLi (193 mL of 2.5M in hexanes; 0.48 mol) were added 
dropwise. A clear, amber solution of the dilithium derivative 
of the silyl-bridged reactant formed. After the addition was 
complete, the reaction mixture was allowed to warm to room 45 
temperature. 

In a second flask, ZrCl4 (56.8 g; 0.244 mol) was slurred 
in 500 mL of anhydrous toluene. THF (70 g; 0.97 mol) was 
added to this slurry to form the complex, ZrCl4(THF)2. The 
reaction was stirred overnight and then the solution of the 50 
dilithium derivative was added dropwise to the 7iC\^(JHF)2 
slurry over 75 minutes. An orange=yellow slurry formed 
After 2 hours, the reaction mixture was heated in an oil bath 
and 350 mL of solvent were flash distilled. A vacuum was 
applied and an additional 450 mL of volatiles were removed. 55 
The slurry was stirred for 3 hours and then the solids were 
isolated by filtration on a coarse frit The solids were washed 
with 20 mL of toluene, 40 mL of hexanes and then dried in 
vacuo. The yield of yellow solid was 100.3 grams. A 
NMR showed the metallocene was present in a rac/meso 60 
ratio of 1:1. 

The crude product was slurried in 900 mL of anhydrous 
THF and heated to reflux overnight The slurry was cooled 
to room temperature and filtered on a coarse frit. The yellow 
solids were washed with 35 mL of THF and dried in vacuo. 65 
The dried weight of dimethhylsilylbis(2-methyl-4,5- 
benzoindenyl)zirconium dichloride was 41.4 grams (30 % 
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yield based on the initial silyl-bridged reactant). ^H NMR 
determined the rac/meso ratio to be greater than 99:1. 

The above purification procedure for the crude product is 
highly effective. Typically the slurry is formed in a liquid 
aprotic, polar solvent (e.g., ethers, ketones, tertiary amines, 
etc.) and held at a temperature in the range of about 40® to 
about 120° C. for about 3 to about 12 hours. Agitation is 
helpful. Use of refluxing tetrahydrofuran is particularly 
useful. 

It is to be understood that the reactants and components 
referred to by chemical name or formula an5where in the 
specification or claims hereof, whether referred to in the 
singular or plural, are identified as they exist prior to coming 
into contact with another substance referred to by chemical 
name or chemical type (e.g., another reactant, a solvent, or 
etc.). It matters not what chemical changes, transformations 
and/or reactions, if any, take place in the resulting mixture 
or solution or reaction medium as such changes, transfor- 
mations and/or reactions are the natural result of bringing 
the specified reactants and/or components together under the 
conditions caUed for pursuant to this disclosure. Thus the 
reactants and components are identified as ingredients to be 
brought together in connection with performing a desired 
chemical reaction or in forming a mixture to be used in 
conducting a desired reaction. Accordingly, even though the 
claims hereinafter may refer to substances, components 
and/or ingredients in the present tense ("comprises", "is", 
etc.), the reference is to the substance, coiiqx)nent or ingre- 
dient as it existed at the time just before it was first 
contacted, blended or mixed with one or more other 
substances, components and/or ingredients in accordance 
with the present disclosure. The fact that the substance, 
con^onent or ingredient may have lost its original identity 
through a chemical reaction or transformation during the 
course of such contacting, blending or mixing operations is 
thus wholly immaterial for an accurate understanding and 
appreciation of this disclosure and the claims thereof. 

Each and every patent or other publication referred to in 
any portion of this specification is incorporated in toto into 
this disclosure by reference for all purposes, as if fully set 
forth herein. 

This invention is susceptible to considerable variation in 
its practice. Therefore the foregoing description is not 
intended to limit and should not be construed as limiting, 
the invention to the particular exemplifications presented 
hereinabove. Rather, what is intended to be covered is as set 
forth in the ensuing claims and the equivalents thereof 
permitted as a matter of law. 

What is claimed is: 

1. A process which comprises: 

1) mixing together at least one of each of the following: 
(a) a 4,5-benzoindanone, (b) an alkali or alkaline earth 
metal borohydride or alkali or alkaline earth metal 
aluminum hydride, (c) a hydroxyl-containing com- 
pound capable of interacting with (b) to serve as a 
hydrogen source, and (d) at least one ether; 

2) maintaining the resultant mixture under reaction con- 
ditions causing a 4,5-benzoindanol to be formed; 

3) terminating the reaction by quenching the reaction 
mixture with water or an aqueous mixture; and 

4) separating 4,5-bertzoindanol from ether and water by 
extracting the quenched reaction mixture with a liquid 
aromatic hydrocarbon having a higher boiling point or 
a higher initial boiling point than the ether, and distill- 
ing the resultant extract to leave a liquid hydrocarbon 
solution of the 4,5-benzoindanol. 
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2. A process according to claim 1 wherein the ether 
comprises at least one cyclic ether. 

3. A process according to claim 1 wherein the ether is 
tetrahydrofuran. 

4. A process according to claim 1 wherein the 4,5- 5 
benzoindanone is a 2-hydrocarbyl-4,5-benzoindanone. 

5. A process according to claim 4 wherein the 
2-hydrocarbyl-4,5 -benzoindanone is a major mount of 
2-methyl-4,5-benzoindan-l-one and a minor amount of 
2-methyl-4,5-benzoindan-3-one. 

6. A process according to claim 1 wherein (b) is at least 
one compound of the formula AMH,(OR)^ wherein A is an 
alkali metal, M is boron or aluminum. R is hydrocarbyl, x is 
an integer in the range of 2 to 4, and y is an integer in the 
range of 0 to 2, the sum of x and y being 4. 

7. A process according to claim 1 wherein (b) is sodium 
borohydride and (c) is water or an alcohol. 

8. A process according to claim 1 wherein (b) is an alkali 
metal aluminum tetrahydride and (c) is water or an alcohol, 

9. A process according to claim 1 wherein the 4,5- 
benzoindanone is a 2-alkyl-4,5-benzoindanone, wherein (b) 
is an alkali metal borohydride and wherein (c) is water or an 
alcohol. 

10. A process according to claim 9 wherein the ether is at 
least predominately tetrahydrofuran, wherein the 2-alkyl-4, 
5 -benzoindanone is a major amount of 2-methy 1-4,5- 
benzoindan-l-one and a minor amount of 2-methyl-4,5- 
ben2oindan-3-one, and wherein (b) is sodium borohydride. 

11. A process which comprises: 

1) mixing together at least one of each of the following: 
(a) a 4,5-benzoindanone, (b) an alkali or alkaline earth 
metal borohydride or alkali or alkaline earth metal 
aluminum hydride, (c) a hydroxyl-containing com- 
pound capable of interacting with (b) to serve as a 
hydrogen source, and (d) at least one ether; 

2) maintaining the resultant mixture under reaction con- 
ditions causing a 4,5-benzoindanol to be formed; 

3) terminating the reaction by quendiing the reaction 
mixture with water or an aqueous mixture; 

4) extracting the quenched reaction mixture with a liquid 40 
hydrocarbon having a higher boiling point or a higher 
initial boiling point than the ether; 

5) distilling the resultant extract to leave a liquid hydro- 
carbon solution of the 4,5-benzoindanol; and 

6) catalytically dehydrating said 4,5-benzoindanol using 45 
an arylsulfonic add catalyst to thereby form a 4,5- 
benzoindene. 

12. A process according to claim 11 wherein the 4,5- 
benzoindanone is a 2-alkyl-4,5-benzoindanoine, wherein (b) 

is an alkali metal borohydride and wherein (c) is water or an 50 
alcohol. 

13. A process according to claim 12 wherein the ether is 
at least predominately tetrahydrofuran, wherein the 2-alkyl- 
4,5-benzoindanone is a major mount of 2-methyl-4,5- 
benzoindan-l-one and a minor mount of 2-methyl-4,5- 55 
benzoindan-3-one, and wherein (b) is sodium borohydride. 

14. A process according to claim 11 wherein the 4,5- 
benzoindanone is a 2-alkyl-4,5-benzoindanone, wha*ein (b) 
is an alkali metal borohydride, wherein (c) is water or an 
alcohol, wherein the liquid hydrocarbon has a higher boiling 60 
point or a higher initial boiling point not only than the ether, 
but, if present, the alcohol as well, wherein not only said 
ether but, if present, said alcohol are distilled off to leave a 
liquid hydrocarbon solution of the 4,5-benzoindanol, and 
wherein the catalytic dehydration is conducted without 65 
isolating the 4,5-benzoindanol from the liquid hydrocarbon 
solution. 



15. A process according to claim 14 wherein the ether is 
at least predominately tetrahydrofuran, wherein the 2-alkyl- 
4,5-benzoindanone is a major amount of 2-methyl-4,5- 
benzoindan-l-one and a minor amount of 2-methyl-4,5- 
benzoindan-3-one, and wherein (b) is sodium borohydride. 

16. A process according to claim 15 wherein (c) is an 
alcohol and wherein the liquid hydrocarbon is at least one 
aromatic hydrocarbon capable of forming an azeotrope with 
water. 

17. A process according to claim 16 wherein the alcohol 
is methanol and wherein the liquid hydrocarbon consists 
essentially of toluene. 

18. A process which comprises: 

1) mixing together at least one of each of the following: 
(a) a 4,5-benzoindanone, (b) an alkali or alkaline earth 
metal borohydride or alkali or alkaline earth metal 
aluminum hydride, (c) a hydroxyl-containing com- 
pound capable of interacting with (b) to serve as a 
hydrogen source, and (d) at least one ether; 

2) maintaining the resultant mixture under reaction con- 
ditions causing a 4,5-benzoindanol to be formed; 

3) terminating the reaction by quenching the reaction 
mixture with water or an aqueous mixture; 

4) extracting the quenched reaction mixture with a liquid 
hydrocarbon having a higher boiling point or a higher 
initial boiling point than the ether; 

5) distilling the resultant extract to leave a liquid hydro- 
carbon solution of the 4,5-benzoindanol; 

6) catalytically dehydrating said 4,5-benzoindanol using 
an arylsulfonic add catalyst to thereby form a 4,5- 
benzoindene; and 

7) deprotonating said 4,5-benzoindene with a strong base 
and reacting the resultant deprotonated intermediate 
with a reactant which in its original condition can be 
depicted by the formula R ^^R^^^Xj where R^^ and 
R^^ are the same or different and each is (i) a hydro- 
carbyl group containing up to about 18 carbon atoms or 
(ii) a hydrocarbyl(oxyaikylene) or hydrocarbylpoly 
(oxyalkylene) group containing up to about 100 carbon 
atoms; is a silicon, germanium or tin atom; and X 
is a halogen atom; such that a silicon-, germanium- or 
tin-bridged complex of the 4,5-benzoindene is formed 

19. A process according to claim 18 wherein R^^ and R^^ 
are the same and are to C4 alkyl groups, wherein is 
a silicon atom, and wherein X is a bromine or chlorine atom 

20. A process according to claim 19 wherein the 4,5- 
benzoindanone is a 2-alky 1-4,5 -benzoindanone, wherein (b) 
is an alkali metal borohydride and wherein (c) is water or an 
alcohol. 

21. A process according to claim 20 wherein the ether is 
at least predominately tetrahydrofuran, wherein the 2-alkyl- 
4,5-benzoindanone is a major mount of 2-methyl-4,5- 
benzoindan-l-one and a minor amount of 2-methyl-4,5- 
benzoindan-3-one, and wherein (b) is sodium borohydride. 

22. A process according to claim 19 wherein the 4,5- 
benzoindanone is a 2-alkyl-4,5-benzoindanone, wherein (b) 
is an alkali metal borohydride, wherein (c) is water or an 
alcohol, wherein the liquid hydrocarbon has a higher boiling 
point or a higher initial boiling point not only than the ether, 
but, if present, the alcohol as well, wherein not only said 
ether but, if present, said alcohol are distilled off to leave a 
liquid hydrocarbon solution of the 4,5-benzoindanol, and 
wherein the catalytic dehydration is conducted without 
isolating the 4,5-benzoindanol from the liquid hydrocarbon 
solution. 
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23. A process according to claim 22 wherein the ether is 
at least predominately tetrahydrofiiran, wherein the 2-alkyl- 
4,5-benzoindanone is a major amount of 2-methyl-4,5- 
benzoindan-l-one and a minor amount of 2-methyl-4,5- 
benzoindan-3-one, and wherein (b) is sodium borohydride. 5 

24. A process according to claim 23 wherein (c) is an 
alcohol and wherein the liquid hydrocarbon is predomi- 
nately one or more one aromatic hydrocarbons capable of 
forming azeotrope with water. 

25. A process according to claim 18 wherein the strong lo 
base is a lithium alkyl. 

26. A process which comprises: 

1) mixing together at least one of each of the following: 
(a) a 4,5-ben2oindanone, (b) an alkali or alkaline earth 
metal borohydride or alkali or alkaline earth metal 15 
aluminum hydride, (c) a hydroxyl-containing com- 
pound capable of interacting with (b) to serve as a 
hydrogen source, and (d) at least one ether; 

2) maintaining the resultant mixture under reaction con- 
ditions causing a 4,5-benzoindanol to be formed; 

3) terminating the reaction by quenching the reaction 
mixture with water or an aqueous mixture; 

4) extracting the quenched reaction mixture with a liquid 
hydrocarbon having a higher boiling point or a higher ^5 
initial boiling point than the ether; 

5) distilling the resultant extract to leave a liquid hydro- 
carbon solution of the 4,5-benzoindanol; 

6) catalytically dehydrating said 4,5-benzoindanol using 
an arylsulfonic acid catalyst to thereby form a 4,5- 30 
benzoindene; 

7) deprotonating said 4,5-benzoindene with a strong base 
and reacting the resultant deprotonated intermediate 
with a reactant which in its original condition can be 
depicted by the formula R^^R^^M^X^ where R^^ and 35 
R^^ are the same or different and each is (i) a hydro- 
carbyl group containing up to about 18 carbon atoms or 
(ii) a hydrocarbyl(oxyalkylene) or hydrocarbylpoly 
(oxyalkylene) group containing up to about 100 carbon 
atoms; is a silicon, germanium or tin atom; and X 40 
is a halogen atom; such that a silicon-, germanium- or 
tin-bridged complex of the 4,5-benzoindene is formed; 
and 

8) deprotonating said bridged complex with a strong base 
and reacting the resultant dq)rotonated intermediate 45 
with a Group IV, V, or VI metal tetrahalide to thereby 
form a sUicon-, germanium- or tin-bridged Group IV, V, 

or VI metal-containing metallocene complex. 

27. A process according to claim 26 wherein R^^ and R^^ 
are the same and are Cx to C4 alkyl groups, wherein MMs 50 
a silicon atom, wherein X is a bromine or chlorine atom, and 
wherein the Group IV, V, or VI metal-containing reactant is 

a zirconium tetrahalide. 

28. A process according to claim 27 wherein the 4,5- 
benzoindanone is a 2-alkyl-4,5-benzoindanone, wherein (b) 55 
is an alkali metal borohydride, wherein (c) is water or an 
alcohol, and wherein the zirconium tetrahalide is zirconium 
tetrachloride or zirconium tetrabromide. 

29. A process according to claim 28 wherein the ether is 

at least predominately tetrahydrofuran, wherein the 2-alkyl- 60 
4,5-benzoindanone is a major mount of 2-methyl-4,5- 
benzoindan-l-one and a minor amount of 2-methyl-4,5- 
benzoindan-3-one, and wherein (b) is sodium borohydride. 

30. A process according to claim 27 wherein the liquid 
hydrocarbon is a liquid aromatic hydrocarbon. 65 

31. A process according to claim 27 wherein the 4,5- 
benzoindanone is a 2-alkyl-4,5-benzoindanone, wherein (b) 



is an alkali metal borohydride, wherein (c) is water or an 
alcohol, wherein the liquid hydrocarbon has a higher boiling 
point or a higher initial boiling point not only than the ether, 
but also, if present, the alcohol, wherein said ether and, if 
present, said alcohol are distilled off, and wherein the 
catalytic dehydration is conducted without isolating the 
4,5-benzoindanol from the liquid hydrocarbon solution. 

32. A process according to claim 31 wherein the ether is 
at least predominately tetrahydrofiiran, wherein die 2-alkyl- 
4,5-benzoindanone is a mixture of a major mount of 
2-methyl-4,5-benzoindan-l-one and a minor mount of 
2-methyl-4,5-ben2oindan-3-one, and wherein (b) is sodium 
borohydride. 

33. A process according to claim 32 wherein (c) is an 
alcohol and wherein the liquid hydrocarbon consists essen- 
tially of at least one aromatic hydrocarbon capable of 
forming an azeotrope with water. 

34. A process according to claim 26 wherein each of the 
respective strong bases used in 7) and in 8) is a litiiium alkyl. 

35. A process according to claim 26 wherein the depro- 
tonating of the 4,5-benzoindene with a strong base and the 
reacting of the resultant deprotonated intermediate are con- 
ducted while the 4,5-benzoindene and the resultant depro- 
tonated intermediate, respectively, are dissolved in a liquid 
lower dialkyl ether. 

36. A process according to claim 35 wherein the 4,5- 
benzoindene is a 2-alkyl-4,5-benzoindene, wherein each of 
the respective strong bases used in 7) and in 8) is a lithium 
alkyl, and wherein said reactant is a dialkyldihalosilane. 

37. A process according to claim 36 wherein the alkyl 
groups of the dialkyldihalosilane contain no more than 4 
carbon atoms each. 

38. A process according to claim 35 wherein the 4,5- 
benzoindene is 2-methyl-4,5-benzoindene, wherein each of 
the respective strong bases used in 7) and in 8) is 
butyllithium, wherein said ether is diethyl ether, wherein 
said reactant is dichlorodimethylsilane, and wherein said 
solids are separated from the liquid phase by filtration. 

39. A process which comprises: 

1) mixing together at least one of each of the following: 
(a) a 4,5-benzoindanone, (b) an alkali or alkaline earth 
metal borohydride or alkali or alkaline earth metal 
aluminum hydride, and (c) a hydroxyl-containing com- 
pound selected from the group consisting of water, an 
alcohol, and a mixture thereof capable of interacting 
with (b) to serve as a hydrogen source, under reaction 
conditions causing a 4,5-benzoindanol to be formed; 

2) terminating the reaction by quenching the reaction 
mixture with water or an aqueous mixture; 

3) extracting the quenched reaction mixture with a liquid 
hydrocarbon; 

4) distilling the resultant extract to leave a liquid hydro- 
carbon solution of the 4,5- benzoindanol; 

5) catalytically dehydrating said 4,5-benzoindanol using a 
arylsulfonic acid catalyst to thereby form a 4,5- 
benzoindene; 

6) deprotonating said 4,5-benzoindene with a strong base 
and reacting the resultant deprotonated intermediate 
with a reactant which in its original condition can be 
depicted by the formula R^R^^M^Xj where R^^ and 
R^^ are the same or different and each is (i) a hydro- 
carbyl group containing up to about 18 carbon atoms or 
(ii) a hydrocarbyl(oxyalkylene) or hydrocarbylpoly 
(oxyalkylene) group containing up to about 100 carbon 
atoms; is a silicon, germanium or tin atom; and X 
is a halogen atom; such that a silicon-, germanium- or 
tin-bridged complex of die 4,5-benzoindene is formed; 
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7) deprotonating said bridged complex with a strong base 
and reacting the resultant deprotonated intermediate 
with a Group IV, V, or VI metal tetrahalide to thereby 
form solids comprising a silicon-, germanium- or tin- 
bridged Group IV, V, or VI metal-containing metal- 
locene complex; and 

8) forming and heating a slurry of said solids at an 
elevated temperature in an aprotic, polar solvent so as 
to extract impurities from said solids to said solvent and 
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then separating the impurity-containing solvent and the 
solids from each other. 

40. A process according to claim 39 wherein said aprotic, 
polar solvent is an ether. 

41. A process in accordance to claim 40 wherein said ether 
is tetrahydrofuran. 



